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Methods
Plate-like RMnO3 single crystals with flat surfaces perpendicular to the c-axis were grown using a flux method with Bi2O3 flux (see Fig. S1 ). One LuMnO3 crystal was annealed at 1723 K to 
Simulation details
The positions of the vortex and anti-vortex cores are obtained by calculating the total phase difference  along a unit cell. The core is located at the unit cell with =2. We neglect the possibility of vortices with absolute value of the winding number larger than one because their energy grows as the square of the winding number, i.e., they are exponentially suppressed near Tc. Tc. Here a is the lattice parameter. 200 independent runs were performed to obtain a good statistics. Besides the vortices generated according to Kibble-Zurek (KZ) mechanism, the thermally excited vortices neq are abundant near Tc. Then, the density of thermal vortices, neq, must be subtracted to obtain the scaling predicted by the KZ mechanism. The choice of Tf  0.92
Tc is a good compromise to avoid two undesirable effects. On the one hand, the relaxational dynamics that leads to vortices-antivortex annihilation becomes important at low enough temperatures. On the other hand, close enough to Tc it becomes very difficult to obtain a reliable estimate of neq at Tf because of the well-known critical slowing down. The exponent ζ=2 /(1+z To understand the asymmetry between the annealing from above Tc and below Tc, we took snapshots during the annealing process. Several typical configurations for both Ti =3.2J >Tc and Ti =2.9 J<Tc are shown in Fig. S2 . As expected, only small vortex loops exist for Ti =2.9 J<Tc.
These loops shrink and disappear quickly during the annealing process (c.f. Fig. S2 (e) ) leading to a single domain final state (c.f. Fig. S2 (f)) (we are not including long-range dipolar interactions in our model). In contrast, vortex lines that span the whole system appear for Ti =3.2J >Tc, in addition to the small vortex loops. Once again, the small loops quickly disappear along the annealing process (c.f. Fig. S2 (b) ). Nevertheless, the percolating vortex lines remain 
Dots (crosses) represent vortices (antivortices). (g)
The corresponding 3D plot of (c). Note these vortex lines are connected because of the periodic boundary conditions. The lattice size is LLLz=96a96a96a and the annealing rate is r=0.001per Monte Carlo Sweep.
Optical images of samples used for vortex-antivortex correlation function analysis
Large-region optical images have been taken on ErMnO3, YMnO3 and YbMnO3 (green, black, and red data in Fig. 3(b) , respectively) after chemical etching. Coordinates for every vortex and anti-vortex core were found and then analyzed for vortex-antivortex pair correlation function.
The average distance between the defects for all the 3 samples: 2.3 μm for YMnO3, 2.5 μm for
YbMnO3, and 14.8 μm for ErMnO3. The winding numbers were calculated using the coordinates of the vortices and antivortices in these optical images. Contours of square and rectangular shapes with various sizes were used in the calculations. The results for all three samples are very similar. Fig. 6 shows the winding number data for the YMnO3 sample, for which the largest number of the defects (~4100) was recorded. 
